
US 20070074969Al 

(12) Patent Application Publication (10) Pub. No.: US 2007/0074969 A1 
(19) United States 

Simpson et al. (43) Pub. Date: Apr. 5, 2007 

(54) VERY LONG CYLINDRICAL SPUTTERING 
TARGET AND METHOD FOR 
MANUFACTURING 

(76) Inventors: Wayne R. Simpson, San Jose, CA 
(US); Ryan A. Scatena, Gilroy, CA 
(US); Thomas R. Stevenson, Gilroy, 
CA (US); Jaime F. Guerrero, San Jose, 
CA (U S) 

Correspondence Address: 
DONALD J. PAGEL 
586 NORTH FIRST STREET, SUITE 207 
SAN JOSE, CA 95112 (US) 

(21) Appl. No.: 11/541,984 

(22) Filed: Oct. 2, 2006 

Related US. Application Data 

(60) Provisional application No. 60/723,413, ?led on Oct. 
3, 2005. 

Publication Classi?cation 

(51) Int. C1. 
0230 14/32 (2006.01) 
C23C 14/00 (2006.01) 

(52) US. Cl. ................................. .. 204/192.1; 204/298.12 

(57) ABSTRACT 

The present invention includes a long cylindrical sputtering 
target assembly and a method for manufacturing the assem 
bly. The long cylindrical sputtering target assembly com 
prises a cylindrical sputtering target having a length greater 
than approximately thirty-six inches and being comprised of 
one or more cylindrical sputtering target sections; a cylin 
drical backing tube; and an attachment layer, such as indium, 
positioned between the cylindrical sputtering target and the 
cylindrical backing tube for attaching the cylindrical sput 
tering target to the cylindrical backing tube. The method 
comprises the steps of preparing an outside surface of a 
cylindrical backing tube and/or an inside surface of one or 
more cylindrical sputtering target sections for bonding; 
bringing the cylindrical backing tube and the one or more 
cylindrical sputtering target sections together so that the 
outside surface of the cylindrical backing tube and the inside 
surface of the one or more cylindrical sputtering target 
sections are adjacent to each other but separated by a space, 
With the one or more cylindrical sputtering target sections 
having a total length greater than thirty-six inches; and 
?lling the space With an attachment material comprised of 
indium While the backing tube is oriented in a vertical 
direction. 
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VERY LONG CYLINDRICAL SPUTTERING 
TARGET AND METHOD FOR MANUFACTURING 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field 

[0002] The present invention relates to a method for 
manufacturing a cylindrical sputtering target for use in a 
vacuum deposition technique and more particularly to a 
method for attaching a plurality of cylindrical sputtering 
targets to a cylindrical backing tube to make a very long 
cylindrical sputtering target. 

[0003] 2. Background Information 

[0004] Sputtering is a major vacuum deposition technique 
used to deposit a thin ?lm of a target material on a substrate. 
Many materials are capable of being sputtered and typical 
target materials include elemental metals (such as copper, 
gold, tungsten, molybdenum and aluminum etc.), alloys 
(such as aluminum-copper alloy, aluminum-neodymium and 
titanium-tungsten alloy, etc.), and compounds (such as sili 
con dioxide and titanium nitride, etc.). Typical substrates on 
Which the target material is deposited include items such 
semiconductor devices, compact discs (CD), hard disks for 
use in magnetic disk drives, and optical devices such as ?at 
panel displays. 
[0005] Atypical sputtering apparatus comprises a vacuum 
chamber inside of Which are positioned the target and the 
substrate. The target is electrically con?gured to be an 
electrode With a large ion ?ux. The chamber is ?lled With an 
inert gas Which ioniZes When poWer is supplied to the 
target/electrode. The positively charged inert gas ions col 
lide With the target causing atomic siZed particles to be 
ejected from the target. The particles are then deposited on 
the surface of the substrate as a thin ?lm. 

[0006] Because of this electrical con?guration, the target 
can become very hot and needs to be cooled. In a typical 
sputtering apparatus, the cooling is provided by a Water 
cooled backing member to Which the target is attached by an 
attachment layer. In some sputtering systems, a rectangular 
target and backing plate are used, While in other systems, the 
target and backing plate are cylindrical in shape. FIG. 1 
illustrates a cylindrical sputtering assembly 10 that com 
prises a cylindrical sputtering target 12, a cylindrical back 
ing tube 16 and an attachment layer 20. The cylindrical 
sputtering target has a sputtering face 24 from Which the 
material to be sputtered on a substrate 30 is ejected. The 
cylindrical sputtering target 12 can be one continuous piece 
of material, or it can be comprised of tWo or more separate 
pieces. The sputtering target 12 is cooled by Water running 
through the lumen (holloW passage) inside of the backing 
tube 16. A magnetron (an assembly of magnets) is also 
positioned in the lumen of the backing tube 16 for generating 
magnetic ?ux that attracts ions in the plasma that cause 
target material to be sputtered onto the substrate 30. Gen 
erally, the substrate 30 is moved laterally under the cylin 
drical sputtering assembly 10 in the direction of the arroW 
32. The cylindrical sputtering assembly 10 can be rotated in 
the direction of the arroW 33 so that material from the entire 
surface area of the sputtering face 24 is used in the sputtering 
process. 

[0007] In the prior art, a number of materials are used in 
the attachment layer 20 to attach the cylindrical target 12 to 
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the backing tube 16. HoWever, in the prior art only relatively 
short cylindrical sputtering targets have been bonded. For 
example, in the prior art, the length “k” of the cylindrical 
sputtering assembly 10 shoWn in FIG. 1 is less than thirty 
six inches (91.44 centimeters). The relatively short length of 
the prior art cylindrical sputtering assemblies is partially due 
industry requirements and also to the dif?culty of bonding 
targets to long backing tubes. 

[0008] A trend in the manufacturing of ?at panel displays 
and other devices is to manufacture many devices on a very 
large substrate, much like smaller semiconductor devices are 
manufactured on Wafers. For example, ?at panel display 
manufacturers Would like to be able to process square or 
rectangular ?at panel display substrates having surface areas 
on the order of approximately 1200 square inches (7742 
square centimeters) to 6000 square inches (38,700 square 
centimeters) or more. Some of these large substrates are 
currently being processed using large rectangular sputtering 
targets that are indium bonded to a backing plate. HoWever, 
cylindrical sputtering targets long enough for use With 
substrates having surface areas on the order of approxi 
mately 1200 square inches or more have not previously been 
described. 

SUMMARY OF THE PRESENT INVENTION 

[0009] Brie?y, the present invention includes an elongated 
sputtering target assembly and a method for attaching a 
cylindrical sputtering target to a cylindrical backing tube to 
form the elongated assembly. The method comprises the 
steps of preparing an outside surface of a cylindrical backing 
tube and/or an inside surface of one or more cylindrical 
sputtering target sections for bonding; bringing the cylin 
drical backing tube and the one or more cylindrical sputter 
ing target sections together so that the outside surface of the 
cylindrical backing tube and the inside surface of the one or 
more cylindrical sputtering target sections are adjacent to 
each other but separated by a space, With the one or more 
cylindrical sputtering target sections having a total length 
greater than thirty-six inches; and ?lling the space With an 
attachment material, such as indium, While the backing tube 
is oriented in a vertical direction. In a preferred embodiment, 
outside surface of a cylindrical backing tube and/ or an inside 
surface of one or more cylindrical sputtering target sections 
are prepared for bonding by Wetting With indium using 
ultrasonic energy to aide the Wetting process. 

[0010] The elongated sputtering target assembly com 
prises a cylindrical sputtering target having a length greater 
than approximately thirty-six inches and is comprised of one 
or more cylindrical sputtering target sections; a cylindrical 
backing tube; and an attachment layer, such as indium, 
positioned betWeen the cylindrical sputtering target and the 
cylindrical backing tube for attaching the cylindrical sput 
tering target to the cylindrical backing tube. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0011] FIG. 1 is an isometric vieW of a cylindrical sput 
tering target assembly; 

[0012] FIG. 2 is a side vieW of a cylindrical sputtering 
target assembly; 

[0013] FIG. 3 is a cross-sectional vieW taken along the line 
3-3 in FIG. 2; 
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[0014] FIG. 4 is an isometric vieW of part of a heating 
tube; 
[0015] FIG. 5 is a cross-sectional vieW of a cylindrical 
sputtering target assembly positioned vertically during 
manufacturing; 
[0016] FIG. 6 is an isometric vieW of an ultrasonic tool; 
and 

[0017] FIG. 7 is an isometric vieW of another ultrasonic 
tool. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] In the present invention, the cylindrical sputtering 
target assembly 10 shoWn in FIG. 1 comprises the cylindri 
cal sputtering target 12, the cylindrical backing tube 16 and 
the attachment layer 20. The sputtering target 12 includes the 
sputtering surface 24 Which is a surface from Which the 
material to be sputtered on the substrate can be ejected When 
the sputtering process begins. In the present invention, the 
length “h” of the cylindrical sputtering target 12 (shoWn in 
FIG. 2) is greater than thirty-six inches, and more preferably 
is in the range of forty inches (101.6 cm) to one hundred and 
thirty inches (330.2 cm) or greater. Additionally, the cylin 
drical sputtering target 12 has an outer diameter “D” (shoWn 
in FIG. 3), but the length “h” is a more important parameter 
to the present invention than is the diameter “D.” For 
reference purposes the outer diameter “D” is usually greater 
than about ?ve and one half inches (5.5 in), and more 
preferably is in the range of5.5 to 9.45 inches (14 to 24 cm). 

[0019] FIG. 2 illustrates that the sputtering surface 24 of 
the cylindrical sputtering target 12 is comprised of a plural 
ity of individual cylindrical ring targets 34. A gap 38 exists 
betWeen each pair of adj acent ring targets 34. The gap 38 has 
a Width “W” Which is on the order of approximately 0.02 
inch (0.5 mm). As used herein, the length “h” of the 
cylindrical sputtering target 12 refers to the total length of 
the sputtering surface 24 in a single cylindrical sputtering 
assembly 10, regardless of Whether the sputtering target is 
comprised of one piece of material or more than one piece. 
In other Words, the length “h” includes the total of all of the 
lengths “x” of the individual cylindrical ring targets 34. 

[0020] In FIG. 2, the length “h” is shoWn as including the 
Widths “W” of the gaps 38, since the sum of the Widths “W” 
is very small. This approximation is acceptable because the 
sum of the Widths “W” is much smaller than the length “h.” 
NotWithstanding this acceptable approximation, the length 
“h” of the cylindrical sputtering target 12 refers to the total 
length of the sputtering surface 24. The length “h” is less 
than the length “k” of the assembly 10 because an exposed 
section 40 of the backing tube 16 extends beyond the last 
cylindrical ring target 34 on each end of the cylindrical 
sputtering assembly 10. 

[0021] Each of the individual cylindrical ring targets 34 
(also called cylindrical sputtering target sections 34) is a 
cylindrical piece of material comprised of a sputtering target 
material. The individual cylindrical ring targets 34 are 
holloW in the middle so as to accommodate the backing tube 
16 and attachment layer 20 (shoWn in FIG. 3). The length 
“x” of the individual cylindrical ring targets 34 can be any 
length, but in a representative example the length “x” is 
approximately eight inches (20.32 cm). Additionally, the 
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length “x” can be different for individual cylindrical ring 
targets 34 Within a given cylindrical sputtering target 12. 

[0022] By using a plurality of individual cylindrical ring 
targets 34 having relatively short lengths “x”, it is easier to 
build a long cylindrical sputtering target 12 having the 
length “h” greater than thirty-six inches. This is particularly 
true for certain sputtering materials like ceramic materials, 
Where it is dif?cult (or not possible) to make a single 
cylindrical ring target 34 Where the length “x” is greater than 
thirty-six inches. HoWever, With other sputtering materials, 
such as metals, a single cylindrical ring target 34 having the 
length “x” greater than thirty-six inches could be used in the 
present invention. 

[0023] The cylindrical sputtering target 12 (and hence the 
individual cylindrical ring targets 34) can be comprised of 
many materials. Typical sputtering target materials include 
elemental materials (such as silver, silicon, copper, gold, 
tungsten, molybdenum and aluminum etc.), alloys (such as 
aluminum-copper alloy, aluminum-neodymium, indium-tin 
oxide and titanium-tungsten alloy, etc.), and compounds 
(such as silicon dioxide, silicon carbide, ceramic materials 
and titanium nitride, etc.). 

[0024] FIG. 3 illustrates that the attachment layer 20 is 
positioned betWeen the cylindrical sputtering target 12 and 
the backing tube 16, and that the attachment layer 20 has a 
Width “m” that is preferably on the order of approximately 
0.015 inch (0.38 mm), although other Widths can be used. 
The backing tube 16 is a long holloW cylindrical tube that is 
strong enough to mechanically support the cylindrical sput 
tering target 12. The backing tube 16 includes a lumen 42 
through Which Water or some other ?uid can How to act as 
a coolant for the cylindrical sputtering target 12. In a 
preferred embodiment, the backing tube 16 comprises stain 
less steel or titanium tube, but other materials such as 
aluminum alloys, copper or copper alloys can be used. 

[0025] FIG. 4 illustrates a heating tube 50 that is used in 
manufacturing the cylindrical sputtering target assembly 10. 
The heating tube 50 comprises a holloW cylindrical metal 
heating tube 54, Which is preferably comprised of alumi 
num, a positioning ?xture 58, a heating element 60 to 
provide the heat source for the heating tube 54, and a 
plurality of spacers 64. During the manufacturing process, 
the heating tube 54 is inserted into the lumen 42 of the 
backing tube 16 to provide a heat source to the backing tube 
16. In a preferred embodiment, the heating element 60 
comprises a plurality of tubular heaters (e.g. eight tubular 
heaters, 29 Watts/ inch) that are positioned around the outside 
of the tube 54 extending parallel to the length of the tube 54. 
Alternatively, the heating element 60 could comprise 
another type of heat source, such as a Wire coil Wrapped 
around the tube 54. An electrical lead 62 (shoWn in FIG. 5) 
is electrically connected betWeen the heating element 60 and 
control circuitry to provide electrical poWer to the heating 
element 60. The spacers 64 create a space betWeen the 
outside of the heating tube 54 and the inside of the backing 
tube 16 for the heating element 60 to sit in. 

[0026] The positioning ?xture 58 is ?rmly attached to the 
heating tube 54 (eg With bolts) and is used to align the ring 
targets 34 on the backing tube 16 during manufacturing. The 
?xture 58 comprises a backing tube stop 68 and a target stop 
70 Which is longer than the backing tube stop 68. The 
difference in length creates a space 72 into Which the 
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backing tube stop 68 can ?t While it rests on the backing tube 
stop 68. The ?rst ring target 34 in the cylindrical sputtering 
target assembly 10 Will rest on a surface 74 of the target stop 
70 (see FIG. 5). 

[0027] FIG. 5 illustrates an assembly stand 80 that is used 
in manufacturing the cylindrical sputtering target assembly 
10. The assembly stand 80 is preferably comprised of steel, 
but other materials could be used, and comprises a base 82 
and a vertical ?xture 86. During part of the manufacturing 
process, the vertical ?xture 86 is inserted into the holloW 
inside of the heating tube 54 to hold the heating tube 54 and 
backing tube 16 in a vertical position While the attachment 
layer 20 is formed. The backing tube 16 is positioned With 
one end resting on the backing tube stop 68. Either While the 
backing tube 16 is positioned vertically on the stand 80, or 
earlier While the backing tube 16 is still horizontal, the ring 
targets 12 (preferably in groups of three) are slid over the 
backing tube 16 until the ?rst ring target 12 rests on the 
surface 74 of the target stop 70. At this point, a slot (space) 
90 exists betWeen the ring targets 12 and the backing tube 16 
Which Will be ?lled With an attachment material, as is 
explained later. FIG. 5 also shoWs an outside surface 94 of 
the backing tube 16 and an inside surface 96 of the cylin 
drical sputtering target 12. 

[0028] FIG. 6 illustrates an ultrasonic horn 100 that is used 
in a preferred embodiment for Wetting the inside surface 96 
of the cylindrical sputtering target 12 With indium. A face 
102 on the ultrasonic horn 100 is used to spread the indium 
as Well as to transmit ultrasonic energy into the indium While 
it is being spread. Similarly, FIG. 7 illustrates an ultrasonic 
horn 106 that is used in a preferred embodiment for Wetting 
the outside surface 94 of the backing tube 16 With indium. 
Other shaped ultrasonic horns can be substituted for the 
horns 100 and 106, and other techniques can be used to 
spread and/or Wet the surfaces 96 and 94 With indium. 

[0029] The apparatus of the present invention comprises a 
cylindrical sputtering target 12 having a cylindrical sputter 
ing surface 24 that is longer than thirty-six inches that is 
used to sputter substrates With large surface areas. Since the 
cylindrical sputtering target 12 is cylindrical in shape (in the 
preferred embodiment, a ?nite section of a right circular 
cylinder), the area (A) of the sputtering surface 24 is given 
by the equation: A=2rcr(r+h), Where r is the radius of the 
cylinder (D/2 in FIG. 3) and h is the length of the cylinder 
(see FIG. 2). Thus, the surface area of the sputtering surface 
24 is dependent on both the outer diameter of the cylinder 
and the length of the cylinder. HoWever, in practice it is the 
length (h) of the cylindrical sputtering target 12 that is of 
interest because it is the length (h) that alloWs the cylindrical 
sputtering target 12 to provide sputtering coverage for a 
large substrate. Hence the length (h) of the cylindrical 
sputtering target 12 is the critical parameter, and in the 
present invention the cylindrical sputtering target 12 has a 
length (h) that is greater than thirty-six inches (91.44 cm). 
More preferably, the length (h) is in the range of forty inches 
(101.6 cm) to one hundred and thirty inches (330.2 cm), but 
can also be greater than one hundred and thirty inches. In a 
representative embodiment, the length (h) is approximately 
seventy-tWo inches (183 cm). 

[0030] In a preferred embodiment, the cylindrical sputter 
ing target 12 is attached to the cylindrical backing tube 16 
by the attachment layer 20 that comprises indium. Most 

Apr. 5, 2007 

preferably, the indium is 99.99% pure or better. HoWever, 
other materials can be used as the attachment layer 20 such 
as indium alloys (including indium/tin alloys), tin or an 
elastomer. The elastomer may comprises a silicone elas 
tomer, including a poly(dimethylsiloxane) elastomer, such 
as Sylgard® 184 brand silicone elastomer sold by DoW 
Corning. Other types of suitable elastomers can be used as 
the attachment layer 20 such as polymers compatible With a 
vacuum environment that can Withstand temperatures above 
50° C. While maintaining a suitably strong bond betWeen the 
sputtering target and the backing plate and adequately trans 
ferring heat from the sputtering target to the backing plate. 
Speci?c types of polymers that can be used include poly 
imide, polyketone, polyetherketone, polyether sulfone, poly 
ethylene terephthalate, and ?uroethylene propylene copoly 
mers. Flexible epoxy or rubber can also be used Other 
silicone elastomers that can be used include the products 
marketed as General Electric RTV 31 and General Electric 
RTV 615 brand silicone elastomers. 

[0031] In a preferred embodiment, the method for attach 
ing the cylindrical sputtering target 12 to the cylindrical 
backing tube 16 comprises the steps of preparing an outside 
surface of the cylindrical backing tube 16 and/or an inside 
surface of one or more cylindrical sputtering target sections 
34 for bonding; bringing the cylindrical backing tube and the 
one or more cylindrical sputtering target sections together so 
that the outside surface of the cylindrical backing tube and 
the inside surface of the one or more cylindrical sputtering 
target sections are adjacent to each other but separated by a 
space (slot 90), With the one or more cylindrical sputtering 
target sections having a total length greater than thirty-six 
inches; and ?lling the space With an attachment material 
While the backing tube is oriented in a vertical direction. The 
attachment material should suf?ciently strong to keep the 
cylindrical sputtering target attached to the cylindrical back 
ing tube during a sputtering process. 

[0032] The step of preparing an outside surface of the 
cylindrical backing tube 16 and/or an inside surface of one 
or more cylindrical sputtering target sections 34 for bonding 
can mean Wetting the surfaces With a bonding material, such 
as a material comprised of indium; or it can mean cleaning 
the surface such as by sandblasting and/or Wiping the 
surface With a solvent. If an elastomer or other material that 
bonds adequately to both of these surfaces is used as the 
attachment layer 20, then the preparation typically Would 
not involve Wetting. 

[0033] In a more preferred embodiment, the method of the 
present invention comprises the steps of Wetting an outside 
surface of the backing tube 16 and an inside surface of the 
cylindrical sputtering target 12 With indium, Where the 
cylindrical sputtering target comprises one or more cylin 
drical sputtering target sections 34, has a length greater than 
approximately thirty-six inches and ultrasonic energy is used 
to help Wet the relevant surfaces. The backing tube 16 is then 
positioned on a structure such as the assembly stand 80 that 
holds the backing tube in a vertical orientation. The cylin 
drical sputtering target 12 is positioned around the backing 
tube 16 by assembling groups of three individual cylindrical 
sputtering target sections 34 and positioning them around 
the backing tube 16 With a slot 90 betWeen the backing tube 
16 and the cylindrical sputtering target 12, and then ?lling 
the slot 90 With indium. 
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[0034] This process is repeated by positioning additional 
cylindrical sputtering targets 34 around the backing tube 16 
With a slot 90 being maintained betWeen the backing tube 16 
and the cylindrical sputtering targets 34, and then ?lling the 
slot 90 With indium, until the length of the sputtering surface 
24 is greater than approximately thirty-six inches. 

[0035] Preferably, ultrasonic energy is used in the steps of 
Wetting the outside surface of the backing tube 16 and the 
inside surface of the cylindrical sputtering target 12 With 
indium, such as ultrasonic energy at a frequency of 20 KHZ 
and a poWer of 700 Watts. However, other energies and/or 
poWers, and other Wetting techniques can be used, such as 
metaliZing the outside surface of the backing tube 16 and the 
inside surface of the cylindrical sputtering target 12, using a 
sputtering or other deposition technique; or by plating a 
metal layer onto these surfaces (eg a chromium-nickel 
silver layer). The purpose of Wetting is to create a surface 
that the attachment layer 20 can adhere or bond to. It is 
thought that using ultrasonic energy When Wetting the out 
side surface of the backing tube 16 and the inside surface of 
the cylindrical sputtering target 12 With indium drives 
indium atoms into the surface thereby creating a Wetting 
layer of indium that is bonded to the relevant surface of the 
backing tube 16 or the cylindrical sputtering target 12. The 
attachment layer 20 can then adhere to the Wetting layer 
more easily than if it had to adhere directly to the outside 
surface of the backing tube 16 and the inside surface of the 
cylindrical sputtering target 12. 

[0036] In general terms, the cylindrical sputtering target 
assembly 10 comprises a cylindrical sputtering target having 
a length greater than approximately thirty-six inches; a 
cylindrical backing tube; and an attachment layer positioned 
betWeen the cylindrical sputtering target and the cylindrical 
backing tube for attaching the cylindrical sputtering target to 
the cylindrical backing tube. In a preferred embodiment, the 
attachment layer comprises indium. 

[0037] The folloWing example is exemplary of the method 
of the present invention: 

EXAMPLE 

[0038] A. Preparation of Backing Tube and Ring Targets 

[0039] 1. Clean the outside surface 94 of the backing tube 
16 and the inside surface 96 of the cylindrical sputtering 
target (ring targets 34) 12, such as by Wiping With alcohol. 

[0040] B. Wetting the Inside Surface of the Ring Targets 

[0041] 1. Protect the outside surface of the ring targets 34 
(i.e. the sputtering surface 24), for example by covering the 
outside surface With KaptonTM brand polyimide tape. 

[0042] 2. Blast the inside surfaces 96 of the ring targets, 
such as With 220 grit silicon carbide. 

[0043] 3. Clean the inside surface 96 of the ring targets 
again, such as by blowing off the dust With air and then 
Wiping the surface 96 With alcohol. 

[0044] 4. Place a Wire heater around a single ring target 34 
and cover it With a thermal insulator sheet. 

[0045] 5. Place the single ring target 34 on a hot plate and 
set the heater coil and hot plate to heat the single ring target 
to 350° F. (177° C.). 
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[0046] 6. Once the single ring target reaches 350° F. (177° 
C.), apply a measured amount (eg 36 grams or one spoon) 
of indium to the inside surface 96 of the single ring target. 

[0047] 7. While the indium is still at 350° F, coat the 
entire inside surface 96 of the single ring target 12 With 
molten indium by spreading the indium over the surface 
With an ultrasonic tool, such as the ultrasonic horn 100 
shoWn in FIG. 6. While spreading the indium, apply ultra 
sonic energy to the inside of the single ring target With the 
ultrasonic tool (horn) to cause the indium to adhere to the 
single ring target (i.e. to Wet the inside surface 96 of the 
single ring target With indium). 

[0048] 8. While the single ring target is still at 350° E, 
verify that the entire inside surface of the single ring target 
has been Wetted (coated) With indium, such as by scrapping 
the surface With a raZor blade to make sure that the indium 
has adhered to the surface and does not come off on the raZor 
blade. Also, visually ensure that there are no areas not coated 
With indium (dry spots). Then alloW the ring target to cool 
to room temperature. 

[0049] 9. Repeat steps l-8 for each of the single ring target 
sections. 

[0050] C. Wetting the Outside Surface of the Backing 
Tube 

[0051] 1. Protect the ends of the cylindrical backing tube 
16 from contamination, eg by covering the ends of the 
backing tube With KaptonTM brand polyimide tape. 

[0052] 2. Blast the outside surface 94 of the backing tube 
16. 

[0053] 3. Clean the outside surface 94 again, such as by air 
blasting the dust off the outside surface of the backing tube 
and Wiping doWn the backing tube With alcohol. 

[0054] 4. Place the aluminum heating tube 50 inside the 
backing tube 16, turn it on and let it heat up to 350° F. 

[0055] 5. Apply a quantity of indium to the outside surface 
94 of the backing tube. 

[0056] 6. While the indium is still at 350° F, coat the 
entire outside surface 94 of the backing tube With molten 
indium by spreading the indium over the outside surface 
With an ultrasonic tool (such as the ultrasonic horn 106 
shoWn in FIG. 7). While spreading the indium, apply ultra 
sonic energy to the ultrasonic tool (horn) to cause the indium 
to adhere to the backing tube (i.e. to Wet the outside surface 
94 of the backing tube With indium). 

[0057] 7. While the backing tube is still at 350° F, verify 
that the entire outside surface of the backing tube has been 
Wetted (coated) With indium, such as by scrapping the 
surface With a raZor blade to make sure that the indium has 
adhered to the surface and does not expose any of the 
underlying backing tube. Also, visually ensure that there are 
no areas not coated With indium (dry spots). Then alloW the 
backing tube to cool to room temperature. 

[0058] D. Preparing the Ring Targets for Bonding 

[0059] l. Assemble three ring targets 34 at a time to form 
a ring target assembly. 

[0060] 2. Establish an approximately 0.02 inch (0.5 mm) 
gap (i.e. the gap 38) betWeen each tWo ring targets by 
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placing four long Wires (e.g. 0.02 inch/0.5 mm diameter) 
between each tWo ring targets, With the Wires being approxi 
mately equally spaced apart. Cut off each Wire ?ush With the 
outside and inside surfaces of the ring target and place an 
inert tape (such as KaptonTM brand polyimide tape) around 
the inside circumference of the tWo ring targets over the gap. 

[0061] 3. Inject a Water soluble masking material (for 
example, an acrylic polymer such as WSM-90 available 
from Contronic Devices Inc., of Huntington Beach, Calif.) 
in the 0.5 mm gap 38 betWeen each tWo adjacent ring targets. 

[0062] 4. Place an inert tape (such as KaptonTM brand 
polyimide tape) around the outside circumference of each 
tWo ring targets over the gap 38 ?lled With Water soluble 
masking material. 

[0063] 5. Place Wire heaters around the ring targets 34 and 
cover them With a thermal insulator blanket. 

[0064] 6. Turn on the heaters and maintain the ring target 
assembly at an appropriate temperature (1250 F./51.7o C. for 
WSM-90) until the Water soluble masking material is cured. 

[0065] E. Preparing the Backing Tube for Bonding 

[0066] 1. Protect the ends of the backing tube 16 With an 
inert tape (such as KaptonTM brand polyimide tape). 

[0067] 2. Place four approximately 0.015 inch (0.38 mm) 
Wide Wires along the length of the backing tube (preferably, 
use silver coated copper Wire). The four Wires are held in 
place by an inert tape (such as KaptonTM brand polyimide 
tape). These Wires Will establish the slot 90 (shoWn in FIG. 
5) betWeen the ring targets 12 and the backing tube 16 Where 
the indium bond Will be formed. 

[0068] F. Bonding the Ring Targets to the Backing Tube 
(Vertical Assembly of Targets) 

[0069] 1. With the aluminum heating tube 50 still inside of 
the backing tube, slide the heating tube 54 over the vertical 
?xture 86 in the assembly stand 80 so that the backing tube 
16 is in the vertical position as shoWn in FIG. 5. 

[0070] 2. Turn on the heaters 60 in the aluminum heating 
tube 50 and in the ring target assemblies. 

[0071] 3. Once the backing tube 16 and the ring target 
assemblies have reached 350° F. (177 ° C.), slide one of the 
ring target assemblies (i.e. three conjoined ring targets 34) 
over the top of the backing tube 16 until it stops against the 
surface 74 of the target stop 70 as shoWn in FIG. 5, or against 
a previously positioned ring target assembly. The ring target 
assemblies are not placed over the backing tube When they 
are cool because of indium’s tendency to cold Weld to itself. 
Therefore, the indium is preferably molten so that the 
components slide over each other during assembly. Typi 
cally, the hot ring target assemblies are slid over the backing 
tube 16 by hand, With thermal gloves protecting the hands. 

[0072] 4. Create a gasket With a suitable material (such as 
an elastomer like Sylgard(® 184 brand silicone elastomer) 
around the bottom of the ?rst ring target assembly by 
injecting the material betWeen the backing tube 16 and the 
?xture 58 to prevent indium from ?oWing out the bottom of 
the slot 90, and alloW the gasket to cure. Generally, the 
gasket Will extend upWard about 0.125 inches into the slot 
90 and an inert tape (such as KaptonTM brand polyimide 
tape) is used to cover the outside of the gasket. 

Apr. 5, 2007 

[0073] 5. Fill the slot (space) 90 betWeen the ring target 
assembly and the backing tube With indium and gently tap 
the target to remove any air bubbles. Generally, this is done 
by spooning molten indium into the slot 90 While the indium 
is at its melting point. 

[0074] 6. Repeat steps 3 and 5 With the remaining ring 
targets until all of the target assemblies have been positioned 
on the backing tube 16. For example, until the length “h” of 
the sputtering target 12 (shoWn in FIG. 2) is greater than 
thirty-six inches. In a representative example, “h” is 
approximately ninety-seven (97) inches. Before a second or 
subsequent ring target assembly (or a single ring target 34) 
is positioned next to a ring target assembly already posi 
tioned around the backing tube 16, a gap is created betWeen 
the tWo ring target assemblies by placing several (e.g. four) 
0.20 inch Wires across the top surface of the already posi 
tioned assembly, and creating a gasket With WSM 90, as Was 
described previously in step D(2). 

[0075] 7. In an alternative embodiment, the ring targets 34 
are positioned around the backing tube 16 While it is in a 
horiZontal position using the folloWing procedure described 
beloW in Section G (Horizontal Assembly of Targets) instead 
of using the procedure described in this Section F (Vertical 
Assembly of Targets). 

[0076] G. Alternative Procedure for Bonding the Ring 
Targets to the Backing Tube 

(Horizontal Assembly of Targets) 

[0077] 1. Instead of using the procedure described above 
in Section F (Vertical Assembly of Targets), the folloWing 
procedure can be used in place of Section F. With the 
aluminum heating tube 50 still inside of the backing tube, 
lay the backing tube 16 on its side in a horiZontal position. 

[0078] 2. Turn on the heaters 60 in the aluminum heating 
tube 50 and in the ring target assemblies. 

[0079] 3. Create a gasket With WSM 90 around the bottom 
of the ?rst ring target assembly by injecting the material 
betWeen the backing tube 16 and the ?xture 58 to prevent 
indium from ?oWing out the bottom of the slot 90, and alloW 
the gasket to cure. 

[0080] 4. Once the backing tube 16 and the ring target 
assemblies have reached 3500 F. (177 ° C.), and With the 
backing tube lying horiZontally, slide one of the ring target 
assemblies (i.e. three conjoined ring targets 34) over the top 
of the backing tube 16 until it stops against the surface 74 of 
the target stop 70 as shoWn in FIG. 5 (Alternatively, indi 
vidual ring targets 34 can be slid over the backing tube 16). 
The ring target assemblies are not placed over the backing 
tube When they are cool because of indium’s tendency to 
cold Weld to itself. Therefore, the indium is preferably 
molten so that the components slide over each other during 
assembly. Typically, the hot ring target assemblies are slid 
over the backing tube 16 by hand, With thermal gloves 
protecting the hands. 

[0081] 5. After a ?rst ring target assembly is in position 
around the backing tube 16, place a spacer block (eg a one 
inch metal block) over the gap 38 (?lled With WSM-90) at 
the end of the ?rst ring target assembly that is not positioned 
against the surface 74. Then slide a second ring target 
assembly over the backing tube 16 until it hits the spacer 
block. 
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[0082] 6. Repeat step 5 until all the ring target assemblies 
have been positioned around the backing tube. Once all the 
ring target assemblies have been positioned around the 
backing tube 16, turn off the heaters and alloW the ring 
targets and the backing tube 16 to cool to room temperature. 
Alternatively, the heaters can be left on and the folloWing 
step 7 is done With a hot assembly. 

[0083] 7. With the aluminum heating tube 50 still inside of 
the backing tube 16, slide the heating tube 54 over the 
vertical ?xture 86 in the assembly stand 80 so that the 
backing tube 16 is in the vertical position as shoWn in FIG. 
5. 

[0084] 8. Turn on the heaters 60 in the aluminum heating 
tube 50 and in the ring target assemblies (if they Were turned 
off in step 6). 

[0085] 9. Using the space created by the loWest spacer 
block, ?ll the slot 90 betWeen the loWest ring target assembly 
and the backing tube With indium and gently tap the target 
to remove any air bubbles. Then remove the spacer block 
and let the tWo adjacent ring target assemblies slide together 
along the gap 38. 

[0086] 10. Repeat step 9 until indium has been added to 
the slot 90 betWeen all of the ring target assemblies and the 
backing tube 16. 

[0087] H. Cleaning the Cylindrical Sputtering Target 
Assembly 

[0088] l.After one of the procedures described Sections F 
or G is used, the cylindrical sputtering target assembly 10 is 
alloWed to cool to room temperature. Then lift the cool 
cylindrical sputtering target assembly 10 off of the vertical 
?xture 86 of the assembly stand 80 and lay it horiZontally on 
a padded surface. 

[0089] 2. Remove all tape from the outside of the cylin 
drical sputtering target assembly 10 and remove the alumi 
num heating tube 50 from the inside of the backing tube 16, 
and remove the remaining Wire heaters and thermal blanket 
from around the ring targets 34. 

[0090] 3. Use Warm Water to remove all of the WSM-90 
from the cylindrical sputtering target assembly, including 
from the gaps 38 betWeen the ring targets 34, and also 
remove the Wires that Were use to establish the gaps 38. 

[0091] 4. Scuff out all tape stains from the cylindrical 
sputtering target assembly 10 With a plastic scuff pad. 

[0092] 5. Clean the gaps 38 betWeen the ring targets 34 
thoroughly With alcohol. 

[0093] 6. Scuff out all oxidation from the ends of the 
backing tube using a plastic scuff pad. 

[0094] 7. Scuff the inside of the backing tube 16 With a 
plastic scuff pad. 

[0095] 8. Wipe the entire cylindrical sputtering target 
assembly 10 clean With an alcohol Wipe. 

[0096] Although the present invention has been described 
in terms of the presently preferred embodiments, it is to be 
understood that such disclosure is not to be interpreted as 
limiting. Various alterations and modi?cations Will no doubt 
become apparent to those skilled in the art after having read 
the above disclosure. Accordingly, it is intended that the 
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appended claims be interpreted as covering all alterations 
and modi?cations as fall Within the true spirit and scope of 
the invention. 

We claim: 
1. A method for attaching a cylindrical sputtering target to 

a backing tube comprising: 

a) preparing an outside surface of a cylindrical backing 
tube and/or an inside surface of one or more cylindrical 
sputtering target sections for bonding; 

b) bringing the cylindrical backing tube and the one or 
more cylindrical sputtering target sections together so 
that the outside surface of the cylindrical backing tube 
and the inside surface of the one or more cylindrical 
sputtering target sections are adjacent to each other but 
separated by a space, With the one or more cylindrical 
sputtering target sections having a total length greater 
than thirty-six inches; and 

c) ?lling the space With an attachment material While the 
backing tube is oriented in a vertical direction, the 
attachment material being suf?ciently strong to keep 
the one or more cylindrical sputtering target sections 
attached to the cylindrical backing tube during a sput 
tering process. 

2. The method of claim 1 Wherein step “a” comprises 
Wetting the outside surface of a cylindrical backing tube 
and/or an inside surface of one or more cylindrical sputter 
ing target sections With indium. 

3. The method of claim 1 Wherein the attachment material 
comprises indium. 

4. The method of claim 1 Wherein the total length of the 
cylindrical sputtering target sections is greater than forty 
inches. 

5. A method for attaching a cylindrical sputtering target to 
a backing tube comprising: 

a) preparing an inside surface of one or more cylindrical 
sputtering target sections and/ or an outside surface of a 
cylindrical backing tube for bonding; 

b) positioning one or more of the cylindrical sputtering 
target sections around the cylindrical backing tube With 
a space being left betWeen the inside surface of the one 
or more cylindrical sputtering target sections and the 
outside surface of the cylindrical backing tube; 

c) ?lling the space With indium While the cylindrical 
backing tube is in a vertical orientation; and 

d) repeating steps b and c, if necessary, until the one or 
more cylindrical sputtering target sections form a cylin 
drical sputtering surface around the cylindrical backing 
tube having a length greater than thirty-six inches. 

6. The method of claim 5 Wherein the inside surface of the 
one or more cylindrical sputtering target sections and/or the 
outside surface of the cylindrical backing tube are prepared 
for bonding by Wetting With indium. 

7. The method of claim 6 Wherein ultrasonic energy is 
used in the Wetting With indium step. 

8. The method of claim 5 Wherein the cylindrical backing 
tube is in a vertical position When the one or more of the 
cylindrical sputtering target sections are positioned around 
the cylindrical backing tube. 
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9. The method of claim 8 wherein the cylindrical backing 
tube is positioned on a ?xture inserted inside the cylindrical 
backing tube to maintain the cylindrical backing tube in the 
vertical position. 

10. The method of claim 5 Wherein the one or more 
cylindrical sputtering target sections are heated to a tem 
perature above the melting point of indium While the one or 
more cylindrical sputtering target sections are being posi 
tioned around the cylindrical backing tube. 

11. The method of claim 10 Wherein the temperature is 
approximately 350° F. (177 ° C.). 

12. The method of claim 5 Wherein the cylindrical back 
ing tube is heated to a temperature above the melting point 
of indium While the one or more cylindrical sputtering target 
sections are being positioned around the cylindrical backing 
tube. 

13. The method of claim 10 Wherein the temperature is 
approximately 350° F. (177 ° C.). 

14. A method for attaching a cylindrical sputtering target 
to a backing tube comprising: 

a) Wetting an inside surface of one or more cylindrical 
sputtering target sections, and an outside surface of a 
backing tube, With indium; 

b) forming a ?rst ring target assembly by connecting tWo 
or more of the cylindrical sputtering target sections 
together; 

c) forming one or more additional ring target assemblies 
by connecting tWo or more of the cylindrical sputtering 
target sections together; 

d) positioning the ?rst ring target assembly around the 
backing tube With a ?rst space being left betWeen an 
inside surface of the ring target assembly and the 
outside surface of the backing tube; 

e) ?lling the ?rst space With indium While the backing 
tube is positioned in a vertical position; 

f) positioning one of the additional ring target assemblies 
around the backing tube With a second space being left 
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betWeen the inside surface of the additional ring target 
assembly and the outside surface of the backing tube; 

g) ?lling the second space With indium While the backing 
tube is positioned in a vertical position; and 

h) repeating steps f and g, if necessary, until the length of 
the sputtering surface is greater than thirty-six inches. 

15. The method of claim 14 Wherein ultrasonic energy is 
used to help With the Wetting process. 

16. The method of claim 14 Wherein steps f and g are 
repeated until the length of the sputtering surface is greater 
than forty inches. 

17. The method of claim 14 Wherein the one or more 
cylindrical sputtering target sections are heated to a tem 
perature above the melting point of indium While the one or 
more cylindrical sputtering target sections are being posi 
tioned around the cylindrical backing tube. 

18. The method of claim 14 Wherein the cylindrical 
backing tube is heated to a temperature above the melting 
point of indium While the one or more cylindrical sputtering 
target sections are being positioned around the cylindrical 
backing tube. 

19. A sputtering target assembly comprised of: 
a cylindrical sputtering target having a length greater than 

approximately thirty-six inches and being comprised of 
one or more cylindrical sputtering target sections; 

a cylindrical backing tube positioned inside of the cylin 
drical sputtering target; and 

an attachment layer comprised of indium positioned 
betWeen the cylindrical sputtering target and the cylin 
drical backing tube for attaching the cylindrical sput 
tering target to the cylindrical backing tube. 

20. The sputtering target assembly of claim 19 Wherein 
the length of the cylindrical sputtering target is greater than 
forty inches. 

21. The sputtering target assembly of claim 19 Wherein 
the cylindrical sputtering target sections are comprised of a 
ceramic material. 


